Abstract. Big fruit size and nice red pigmentation combined with good flavor should be the major target for red-fleshed kiwifruit (Actinidia spp.) breeding programs. Genetic diversity and plant characteristics were evaluated on a set of kiwifruit accessions with predominantly red flesh to identify the superior individuals for further breeding or study of commercial application. The leading phenotypic characters varied widely among the accessions. Accession R reached average fruit weight ' '100 g, whereas it ranged from 43.15 to 84.71 g for the other accessions. Fruits of L and Q were flatter in shape than the others. The core volume accounted for fruit proportions ranging from 2.33% to 11.42%. 'Chuhong', 'Honghua', and K exhibited a round fruit apex, whereas most others showed a depressed apex. R, L, and Q had the highest a* values in the inner pericarp and also the most appealing visual coloration. Results revealed significantly higher soluble solid content (SSC), total sugar, and sugar/acid ratio in Q, R, and L. The 12 pairs of simple sequence repeat (SSR) markers were successfully used to characterize the genetic variability and confirm true-to-type identity for four accessions. However, the limited number of markers had no ability to discriminate among the other 11 accessions. Based on additional 28 SSRs, six of the indistinguishable accessions were confirmed to be genetically different, and three seemed to belong to the same clone vine. The results demonstrated that application of SSR data could improve the efficiency of identifying red-fleshed kiwifruit germplasm.
Red flesh was first found in the fruit of A. chinensis from Hubei (Liang, 1982) and described by Cui (1993) again. In the late 1990s, the first red-fleshed kiwifruit cultivar in the world, 'Hongyang', was developed and firstly released from Cangxi County of Sichuan Province in China (Wang, 2003; Wu, 1992) , which now has the largest cultivation acreage of red-fleshed kiwifruit in China. Red-fleshed kiwifruit are novel fruits that have unique and attractive appeal and make consumers willing to buy, although the green-and yellow-fleshed cultivars still represent the main body of the kiwifruit traded internationally (Ferguson and Seal, 2008) . To date, 'Hongyang' has been introduced into at least eight Provinces in China. Other cultivars or selections with red flesh or red core include 'Chuhong', 'Hongmei', 'Honghua', 'Yuanhong', 'Xiangjihong', 'Tianyuanhong', and 'Longshanhong', which were later registered in China (Wang et al., 2005a (Wang et al., , 2005b (Wang et al., , 2006 Wu and Wu, 1998) . However, their comprehensive characteristics (especially the red coloration, fruit size, sweetness, or flavor) did not meet 'Hongyang' standards. However, as the predominant cultivar in redfleshed kiwifruit production (%5000 ha in China), besides its small fruit size, 'Hongyang' is susceptible to Pseudomonas syringae pv. Actinidiae (Psa), one of the most dangerous bacterial pathogens of kiwifruit plants worldwide, which causes devastating damage to phyllosphere organs (Balestra et al., 2009; Feng and Li, 2009; Rossetti and Balestra, 2008) . Moreover, its fruit coloration is badly inhibited by high day temperatures, which results in an obvious reduction or almost disappearance in pigmentation of the inner pericarp (Zhong et al., 2007; unpublished data) . Larger fruit, higher intensity of the red pigments, and their high stability under warmer climates combined with strong resistance to Psa and good flavor should be the major targets for breeding and improvement of red-fleshed cultivars.
Kiwifruit cultivars on the world market are mostly selected from wild germplasm, budsports, seedlings, and controlled crosses (Chen et al., 2009; Ferguson and Huang, 2007) . The kiwifruit industry in Cangxi of Sichuan Province began with a batch of mixed seeds of wild A. chinensis from the Funiu Mountains, Henan Province in 1978, from which 'Hongyang' was developed. Large variations in flesh color, size, shape, flavor compounds, storage life, and other fruit characteristics have been increasingly discovered in the seedling population that was derived from the batch of wild seeds. Some of the fruiting individuals were wrongly introduced to 'Hongyang' orchards in Cangxi or other provinces. However, few organized investigations have been conducted to select for 'Hongyang' purification and cultivar improvement in the seedling population because the seeds were originally distributed among some local farmers. In the present study, some red-fleshed individual plants with great phenotypic variations from the historic seedling population were selected, and their vegetative and fruiting traits were investigated under the same conditions within the same garden. They were characterized to identify better parents for a breeding program of red-fleshed kiwifruit or further evaluate the commercial potential. In addition, novel variations can be derived from the budsports of 'Hongyang' and improper introduction. SSR markers were used to characterize genetic variability and confirm true-totype identity of the accessions.
Materials and Methods
Plant material. A large seedling population was produced for rootstocks in Cangxi County in 1982 using the wild kiwifruit seeds (A. chinensis var. chinensis and A. chinensis var. deliciosa) from the Funiu Mountains. Based on a great deal of investigations of the ungrafted seedlings, hundreds of superior individuals were collected for further identification for their use in the red-fleshed kiwifruit breeding program. Eight red-fleshed accessions (AB, AF, H, K, L, O, Q, and R) were selected from the superior individuals. Accessions C, I, and J were the three phenotypic variations in 'Hongyang' commercial orchards. Mature shoots of these accessions were grafted on seedling rootstocks in a repository at Cangxi in 1999. Each of the variants was propagated by grafting (i.e., three to five plants) and managed according to normal commercial practice. 'Hongyang', 'Honghua', 'Hongmei', and 'Chuhong' were grafted in parallel and managed together with other 11 accessions in the repository and used as controls for plant evaluation and microsatellite analysis. The origins of the materials are listed in Table 1 .
Evaluation of fruit characteristics. Fruit shape, hairs, and fruit apex shape were described quantitatively. From 2006 to 2007, eight to 10 randomly selected fruits of above females were harvested from each vine at 150 to 155 d after flowering, when the fruit was considered ripe for commercial picking, and used for evaluating shape, color, and hair characteristics. These are the traits typically assessed for commercial desirability. Fruit apex shape was divided into eight types according to Hu et al. (2006) and UPOV (2003) guidelines for Actinidia. Individual average fruit weight, longitudinal diameter (LD), maximum transverse diameter (TD max ), and minimum transverse diameter (TD min ) of fruit at the equator were measured at harvest stage.
Fruit core maximum and minimum transverse diameter were also measured for calculating the core average transverse diameter (ATDC).
Fruits were cut at the equatorial region for color measurements. The color of two exposed section planes of the inner pericarp flesh were assessed using a Minolta CR-300 chroma meter (Osaka, Japan) with a measuring head, diffuse illumination, and 0°viewing angle geometry. These parameters provided an 8-mm diameter measuring area for each specimen. Channel 00 of the chroma meter was first calibrated to a white calibration plate. The L*-a*-b* color space (CIELAB) (CIE, 1976) (Pointer, 1981) was chosen for the present study, where L* indicates lightness and -a*-b* are the chromaticity coordinates. L*,-a*, and -b* range over a scale from 0 for black to 100 for white, -50 for green to 50 for red, and -50 for blue to 50 for yellow, respectively. Measurements were conducted at six different sites on the two exposed section planes, and the average was calculated for each fruit. For each measurement, the center of the measurement head was put just at the | BREEDING, CULTIVARS, ROOTSTOCKS, AND GERMPLASM RESOURCES locule tissues. Finally, h°(hue angle) and C* were calculated using the equations subsequently (Stintzing et al., 2003) .
Soluble solid content was measured by squeezing juice drops from the inner pericarp flesh from the two exposed planes of the equatorial region into an Atago PR-32 refractometer (Tokyo, Japan) and recording the SSC.
Fruit vitamin C content was determined using an ultraviolet-spectrophotometer (Zhang, 2010) . Initially, the standard vitamin C solutions were scanned between 200 and 300 nm, and an absorption peak set at 243 nm was used to construct the calibration curve. Five fruits were collected from each vine and washed, wiped dry, and weighed. Two grams of flesh were collected from the inner pericarp of each fruit and ground to a fine powder in liquid nitrogen, resuspended in 750 mL 3 M HCl, and mixed with 750 mL ddH 2 O in a 2.0-mL tube. The extracts were subsequently centrifuged at 15,294 g at 4°C for 15 min, and 200 mL of the supernatant was transferred into 4.8 mL ddH 2 O in a 10-mL tube. The mixture was used to measure vitamin C concentration. Vitamin C content was expressed as milligrams of ascorbic acid per 100 g of fresh tissue.
Extraction and derivatization of inner pericarp sugars, sugar alcohols, and organic acids followed the protocol initially developed in sweet orange with minor modifications (Kelebek et al., 2009) . Three grams of flesh were collected from five individual fruits for each sample and homogenized with 10 mL of 80% methanol (v/v). The homogenate was incubated for 15 min in a water bath maintained at 75°C, cooled to room temperature to sonicate for 45 min, then centrifuged at 4000 g for 10 min at 20°C. Precipitate was extracted twice with 80% methanol (v/v) using the described procedure. The supernatants were pooled, freeze-dried, and sequentially derivatized with hydroxylamine hydrochloride, hexamethyldisilazane, and trimethylchlorosilane. After derivatization, metabolites were analyzed with an Agilent 6890N GC (Agilent Technology, Palo Alto, CA). Injection of a 1-mL sample was performed at 270°C in splitless mode with N 2 carrier gas flow set to 1 mLÁmin -1 . Chromatography was performed using an HP-5 capillary column (30 m · 0.25 mm · 0.1 mM). The temperature program was initiated with an isothermal at 130°C followed by 8°CÁmin to 238°C, 24°CÁmin -1 to 280°C, and a final 4 min heating at 280°C. Sugars, sugar alcohols, and organic acids were quantified based on standard curves generated for each metabolite and internal standard. All chemical standards were obtained from Sigma-Aldrich (St. Louis, MO). Mean values were calculated for each different character measurement and used for analyses. The Each value is an average of 24 to 50 fruits per accession. *a < 0.05, **a < 0.01 (Student's t test). L*, b*, h°, and C* were not statistically compared among the samples. -= Data for AF were missed. SSC = soluble solids content; Vc = Vitamin c. DNA extraction and microsatellite analysis. Total genomic DNA was isolated from fresh leaves using a modification of the CTAB procedure reported by Doyle and Doyle (1987) . At the beginning, 12 SSR primer pairs (Table 4 ) were selected to evaluate the level of polymorphism among kiwi cultivars following a preliminary screening of 40 genomic SSR primer pairs. In the additional experiments, more than 50 SSR primer pairs were used for screening and then 28 SSR primer pairs were adopted for final identification. Polymerase chain reactions were performed using a protocol described by Zhang (2010) with minor modifications. The reaction mixtures contained the following in a total 10 mL volume: 50 ng genomic DNA, 1 mL 10 · buffer (10 mM TrisHCl, pH 8.3, 500 mM KCl), 1.5 mM MgCl 2 , 0.1 mM of each primer, 0.2 mM dNTPs, and 0.5 U of Taq DNA polymerase. The amplification was carried out on a Master Gradient (Eppendorf, Germany) thermal cycler using the following temperature profile: 95°C for 5 min followed by six cycles of 94°C for 50 s, 61°C (decreased by 1°C at each cycle) for 50 s, 72°C for 1 min followed by 30 cycles of 94°C for 50 s, 56°C for 50 s, 72°C for 1 min and a final 72°C for 8 min. The amplification products were added to 7.5 mL loading buffer (98% formamide, 0.05% bromophenol blue, 0.05% xylene cyanol, and 10 mM NaOH), denatured at 95°C for 5 min, and separated in a 6% denaturing polyacrylamide gel using a Sequi-Gen GT/Power Pac 3000 Sequencer System (Bio-Rad) for 1 to 1.5 h at 55 W. Silver staining was conducted according to Sanguinetti et al. (1994) with slight modifications. A 25-bp DNA ladder (Promega, Madison, WI) was used as the size standard, and bands were scored as 1, 2, 3. from the largest to the smallest size following the scoring code at each locus to represent SSR alleles.
Data analysis. The proportion of core volumes in one fruit was estimated by treating all kiwifruits as approximate cylinders. Some parameters were calculated as follows: (Wu et al., 2011) .
Fruit morphology and fruit flavor among the accessions were compared by analysis of variance using SAS software (Version 9.1; SAS Institute Inc., Cary, NC) for Windows. Student-Newman-Keuls test was applied during the analysis at the P # 0.05 or 0.01 level of significance.
The original molecular data were transformed to a binary data matrix if some of the samples were polyploid, and each SSR locus allele was recorded as 0 if the allele was absent in the progeny and 1 if present (Mengoni et al., 2000) . Dice similarity coefficients among the collected plants were calculated for each locus, and then the average similarity coefficients over all loci were used for clustering. Clustering analyses were performed using the unweighted pair group method with arithmetic averages (UPGMA) in the NTSYS-pc 2.1 package (Rohlf, 2000) . Principal component analysis (PCA) was performed using SAS software (Version 9.1; SAS Institute Inc.) for Windows.
Results
Fruit morphology. Red-fleshed R had significantly bigger fruit among these accessions and cultivars with average weight %100 g. Fruit weight of J, K, L, O, and 'Honghua' ranged from 78.12 g to 84.71 g, which was significantly heavier than the other samples. Fruit size of L was quite distinct from that of its accessions' maternal plant R. Among those accessions with heavier fruits, both the LD and the TD max of K, L, O, and R were significantly longer than those with lighter fruits. However, increase in fruit weight of J and L was the result of an increase in fruit transverse diameter, not the longitudinal diameter (Table 2) .
Generally, few kiwifruits had regular spheres. Based on data of all present samples, the overall mean value of TI was 0.9026, which explained why the fruits looked flat. L, Q, R, and H had flatter fruit than the others because they had smaller TI (#0.8670). L had the largest core among all the samples; then Q, R, and 'Hongyang', which had higher percentages of core volume (PCV) than 9% (Table 2) . Accession I showed a core with the smallest fruit volume (PCV = 2.33%). The majority of the other accessions exhibited cylindrically shaped fruits as a whole (Table 3 ), but they were not an exact circular cylinder because the two ends of almost all fruits were not the same size. The fruit shoulder at the stalk end of 'Hongyang' was larger than the stylar end.
The fruit apex shape in kiwifruit is an easily distinguishable trait. Among red accessions, fruits of K, O, 'Chuhong', and 'Honghua' had a round fruit apex; however, many others exhibited a depressed stylar end (Table 3 ). Other differences were also observed, including diverse types of protrusions in the center of a depressed apex and altered volumes in the apex depression. The depression volume of 'Hongyang' was much greater than J, L, Q, R, AB, and AF (Table 3) .
Fruit pigmentation in the inner paricarp and flavor characteristics. CIELAB is a onecolor system that takes into account all aspects of the color described by L*, a*, and b* parameters. The a* negative and positive are for green and red, respectively. Anthocyanin concentration in the inner pericarp of 'Hongyang' was significantly positively correlated with a*, indicated by a high correlation coefficient (unpublished data). Accession R had the highest a* among the samples followed by Q, L, H, I, and J (Table 4) . Consistently, the pericarp color in R, L, I, H, and Q was visually more appealing than other samples (Fig. 1) . Two chroma parameters, C* and h°, were derived from a* and b* and used to describe saturation of the color, a measure of how far the color is from the gray tone. The higher the C* value, the more saturated the color. The hue angle parameter (h°) describes the hue of the color, i.e., color tonalities. Based on the h°m easured, all the accessions and cultivars were the red type (Table 4) . L, Q, R, AB, and AF had significantly higher SSC than other samples, and the descending order was AB > AF > Q > R > L > in other samples (Table 4) . Fruit Vitamin c (Vc) content ranged from 29.33 to 77.87 mg per 100 g fresh weight. Higher Vc content was detected in AB and 'Hongyang' compared with the other accessions (Table 4) . Glucose and fructose were the two principle sugars in all samples. Sucrose was present but at a notably lower level. However, in Q, R, AB, and 'Honghua', it was detected at a slightly lower concentration than glucose or fructose. The sucrose concentrations corresponded closely to one-third to one-ninth of glucose or fructose for most other samples (Table 4) . Fruits of K and L contained the highest concentration of myo-inositol followed by I, J, R, and 'Honghua'. The lowest concentrations of myo-inositol were detected in the remaining samples (Table 4) . Quinic and citric acid were the two principal fruit acids. A comparison of total organic acids determined that K had significantly higher organic acid content among all samples, and 'Honghua', Q, AB, and I were the next highest among the accessions. Fruits of 'Hongyang' and L exhibited the highest sugar/acid ratio (Table 3) .
Simple sequence repeat marker confirmation and principal component analysis. The number of alleles per locus of 12 polymorphic expressed sequence tag-SSR loci ranged from two to 11 with the average of 6.33 per locus in the present study (Table 5) . A total of 76 alleles were identified from those SSR primers in the 15 samples. Among loci, Ke209 and UDK-097 exhibited the two highest levels of polymorphism with 11 alleles each, and EST-005 was least polymorphic with two alleles. The genetic similarities among accessions were evaluated by recording all alleles for UPGMA cluster analysis. Results showed that all the accessions clustered in two main groups (Fig. 2) . One group included 'Chuhong' and 'Hongmei'; however, the two cultivars seemed to be genetically distant to each other (Fig. 2) . The other group was subdivided into two subgroups; one subgroup included 'Honghua', H, 'Hongyang', and four accessions (AF, C, I, and J) and the other subgroup included K, O, and other four accessions (AB, L, Q, and R). However, each of the accessions, AF, C, I, and J, was not distinguishable from the cultivar Hongyang. In addition, genetic differences were not found among AB, L, Q, and R and between K and O (Fig. 2) .
Principal component analysis was carried out using data of fruit characters and the 76 alleles of SSR loci. The first three principal coordinates accounted for 35.31%, 28.29%, and 13.64%, respectively, of the total variation of fruit (Fig. 3A-B) . For the SSR variation, however, they accounted for 38.19%, 23.60%, and 18.63%, respectively. According to PCA results, no obviously different groups were observed in the Prin1 -Prin2 plot (Fig. 3A) and Prin1 -Prin3 plot (Fig. 3B) derived from fruit characters. However, 'Chuhong' and 'Hongmei' were separated from 11 accessions and two other cultivars based on Prin1 -Prin2 plot (Fig. 3C) derived from SSR data. Based on the Prin1 -Prin3 plot (Fig. 3D) derived from SSR data, the red-fleshed accessions were also classified into two groups, which is consistent with the UPGMA cluster analysis.
Discussion
To develop superior red-fleshed cultivars, we evaluated the new collections from the seedlings of mixed wild-collected seeds and the originally commercialized orchards of red-fleshed 'Hongyang' based primarily on phenotypic data. Many variations of the vegetative traits were observed among the accessions. In the present study, we focused on evaluation of fruit traits, which are even more directly related to cultivar improvement. TI (minimum transverse diameter/maximum transverse diameter) was adopted for describing the shape of kiwifruit, which was calculated according to the method described by Wu et al. (2011) . However, the reverse ratio of greater equatorial diameter and lesser equatorial diameter were also adopted by the other researchers (Rashidi and Gholami, 2008; Zhu et al., 2002) , which made the parameters of fruit symmetry higher than 1.0. Fruit symmetry (Zhu et al., 2002) and ellipsoid ratio (Rashidi and Gholami, 2008) were defined, respectively, in the two reports. It was suggested that the constant method should be adopted by different researchers when calculating the two important parameters for describing the shape of kiwifruit, transverse diameter index and fruit elongation index, respectively, so that the data from different studies could be compared easily. Fruit core proportion is an important index to assess inner and middle pericarp quality (superior or inferior quality). Although traits including area, equatorial diameter, eccentricity, and core size (core width/ fruit width) have also been used to evaluate the fruit body or core volume, these parameters have lacked comprehensive and/or precise information for describing kiwifruit (Amodio et al., 2007; Zhu et al., 2002) . PCV was first used in this study because the fruits could be treated as approximate cylinders.
The kiwifruit apex has been described as the stylar end by some researchers (Hassall et al., 1998; UPOV, 2003; White, 1986) . The fruit apex in kiwifruit is probably derived during development from the outer pericarp of the multicarpellate ovary, part of the style or the ovary-stylar junction (Hopping, 1976; Hopping and Jerram, 1979; Howpage et al., 1998) . Based on the present and unpublished data from hybrids of controlled crosses, kiwifruit apex morphology is seldom affected by environmental and cultivation factors, so genetic factors must be the primary determinants (Zhang, 2010) . Fruit apex shape might be a convenient feature for distinguishing accessions. L, Q, and R exhibit a protrusion against the depressed surface. 'Hongyang', 'Hongmei', H, I, and J have a regular and wide depression, but 'Hort16A' has a beak (Muggleston et al., 1998; Wang et al., 2005b) . Our results allowed us to discriminate L, Q, R, and AB with higher SSC and total sugar content from the other accessions. Compared with Actinidia arguta in which the predominant sugar of its fruit is sucrose, the main soluble sugars in the fruit of the present Actinidia chinensis accessions were glucose and fructose. In addition, L, Q, and R exhibited the deepest red color in the inner pericarp. A positive relationship between sugar concentration and pigmentation has been found in several plant species (Hiratsuka et al., 2001; Kawabata et al., 1999; Pirie and Mullins, 1977) . High sugar concentration probably activates the sugar substrate for characteristic glycosylation, a key step in increasing red coloration in red-fleshed kiwifruit (Montefiori et al., 2010) . In our results, L also exhibited the highest ratio of total sugar/total acid among the four accessions. Therefore, L is tentatively identified as a superior selection with combined fruit morphology and flavor characters.
Based on the introduction history of kiwifruit resources to Cangxi of Sichuan Province, most of the materials used for selection and cultivation were originally harvested from North China with the exception that only a few were collected from the northern mountains of the Sichuan Basin (Wang, 2003 (Wang, , 2005a (Wang, , 2005b (Wang, , 2006 Wu and Wu, 1998; Zhu and Li, 1993) . All the accessions except 'Chuhong' and 'Hongmei' were offsprings of wild individuals that originated from the same or closely related wild populations in the Funiu Mountains (in Central to North China). These accessions also had similar traits to A. chinensis var. chinensis. 'Hongmei' and 'Chuhong' were genetically distant to others probably because 'Hongmei' was derived from A. chinensis var. deliciosa and 'Chuhong' was developed from the mountainous region of western Hunan, which was far from Funiu Mountains and a natural hybrid zone between A. chinensis var. chinensis and A. chinensis var. deliciosa (Liao, 2011; Liu et al., 2010) . The clustering results were also provided by the PCA using SSR data.
Several researchers have conducted molecular characterization of kiwifruit germplasm. Nine SSR markers were used to identify 48 cultivars and selections (Zhen et al., 2004 ) and the single SSR locus UDK96-414 successfully differentiated 47 genotypes. Discrimination by SSR markers should be more effective than random amplified polymorphic DNA (RAPD) markers (Cipriani et al., 1996; Zhen et al., 2004) . SSR markers exhibit simple banding patterns are codominant and highly repeatable among other advantages compared with RAPDs. Siblings or collections from bud mutations that share the majority of the genome are always required for identification during kiwifruit breeding, which are unavoidably difficult in practice. For example, a natural bud mutation of 'Hayward' and 'Top Star' was not distinguishable from 'Hayward' using 25 RAPD primers (Cipriani et al., 1996) , and a presumed half-sibling of 'Xiaya No. 1' from the same wild vine, 'Xiaya No. 15', also failed to be discerned from 'Xiaya No. 1' by eight SSR markers (Zhen et al., 2004) . The 12 SSRs provided suitable ability to discriminate H, 'Honghua', 'Hongmei'. and 'Chuhong' from each other. However, accessions C, I, J, AF, and 'Hongyang', K and O as well as R, L, Q, and AB failed to be discriminated using present SSRs. Therefore, variation in phenotypic characters had to be used for further diagnostics.
Among the first set of indistinguishable accessions (C, I, J, AF, and 'Hongyang'), average fruit weight of J was significantly higher than that of C, I, and AF (Table 2) . Compared with C, J, AF, and 'Hongyang', I was detected to have fruits with higher total acids, lower SSC, and lower total sugar (Table 4 ). It was possible that J and I were different from each other and from each of C, AF, and 'Hongyang' at the genetic level. In the second set of indistinguishable accessions (R, L, Q, and AB), fruit size of Q and AB were notably smaller than that of R and L ( Table 2 ). The inner pericarp red coloration of L, R, and Q was a deeper red than AB (Table 4 ). An increased number of SSRs should be screened and applied to evaluate more alleles and discriminate accessions based on genetic data. An additional 28 SSRs were adopted to discriminate the three sets of these accessions. It had been confirmed that a difference existed among I, J, and 'Hongyang', between K and O, and between L and Q (R or AB) at the genetic level. Three selected SSRs (97-416, 96-013, and 96-009) were effective for additional discrimination (Fig. 4) .
In conclusion, several superior redfleshed accessions were shown to have bigger size, the most appealing visual coloration, higher SSC, and total sugar. Twelve pairs of SSR markers could be used to distinguish the limited number of accessions. The phenotypic data were still helpful for discriminating the indistinguishable accessions in this case. More accessions were confirmed to be genetically different based on an additional 28 SSRs. The results demonstrated that application of more SSR markers could improve the efficiency of identifying red-fleshed kiwifruit germplasm. Phenotypic and molecular characterization provides opportunities for enhancing curatorial management practices and promoting new selection for kiwifruit.
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